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(57) ABSTRACT

The disclosure discloses an antenna module and an electronic
system. The antenna module includes a waterproof protective
cover, a transparent cap, a printed circuit board, a wireless
communication unit and an antenna unit. The waterproof
protective cover is removably assembled onto an opening on
a metal shielding case of the electronic system. The water-
proof protective cover has a housing slot. The transparent cap
is mounted on the waterproof protective cover. A first part of
the printed circuit board is inserted into the housing slot. A
second part of the printed circuit is located within the metal
shielding case. The wireless communication unit is disposed
on the second part of the printed circuit board. The antenna
unit is disposed on the first part of the printed circuit board
and electrically connected with the wireless communication
unit.

12 Claims, 5 Drawing Sheets
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ANTENNA MODULE AND ELECTRONIC
SYSTEM

RELATED APPLICATIONS

This application claims priority to China Application
Serial Number 201310225882.7, filed Jun. 7, 2013, which is
herein incorporated by reference.

BACKGROUND

1. Technical Field

The present disclosure relates to an antenna. More particu-
larly, the present disclosure relates to a modularized antenna
suitable for a power system.

2. Description of Related Art

Power systems (e.g., power plants, power generators, solar
panels, etc) require controlling circuits for maintaining their
functions or monitoring their conditions. There are many
ways to implement the controlling circuits, such as imple-
menting programmable logic controllers (PL.C) on each indi-
vidual device, setting up a central controller to control mul-
tiple devices, or implementing a wireless controller for
controlling all devices remotely. Among these solutions, the
wireless controller provides the best flexibility and control-
lability.

The wireless controller requires an antenna for transferring
or receiving the telecommunication signals or information
between two devices. Some traditional antennas are sealed
within the metal casing of the device. Some other antennas are
formed as individual pieces extending from a printed circuit
board of the device to an external space outside the device.
The traditional antenna design is suitable for an indoor
device. However, the same design of antenna encounters
some problem while being utilized in an outdoor device, such
as a micro-inverter or an electronic device with requirements
of ingress protection (IP).

For example, the micro-inverter is one of common electri-
cal device with requirements of ingress protection (IP) and is
widely used in a distributed power network. Many devices in
the distributed power network are implemented outdoors.
Therefore, the micro-inverter usually has a metal shielding
case for providing an ingress protection. For example, some
micro-inverters are required to have a high ingress protection
rating, e.g. rating at [IP65. If the antenna is sealed inside the
metal shielding case, the telecommunication signal will be
blocked by the metal shielding case. On the other hand, if the
antenna is extended through a through hole on the metal
shielding case, it is hard to achieve the waterproof require-
ment for the ingress protection rating.

In addition, some electronic devices with requirements of
ingress protection (IP) may require extra holes opened on the
metal shielding case in order to display indicative light sig-
nals representing the working state of the electronic devices.
However, extra holes on the case may increase the difficulty
of waterproof feature.

SUMMARY

To solve the problems in the art, the disclosure provides an
antenna module and an electronic system, which include a
waterproof protective cover, which is removably assembled
on an opening of the metal shielding case of the electronic
system. An antenna unit is disposed in a housing slot within
the waterproof protective cover. The antenna unit can be
covered by the waterproof protective cover and also located
outside the metal shielding case, such that signal strength of
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the antenna unit may not be reduced by the metal shielding
case. The waterproof protective cover can be locked on the
metal shielding case to achieve the waterproof feature. In
addition, the antenna module includes a transparent cap
mounted on the waterproof protective cover, such that the
indicative light may go through the transparent cap without
violating the waterproof feature.

An aspect ofthe disclosure is to provide an antenna module
suitable for an electronic system. The electronic system
includes a metal shielding case. The antenna module includes
a waterproof protective cover, a transparent cap, a printed
circuit board, a wireless communication unit and an antenna
unit. The waterproof protective cover is removably assembled
on an opening of the metal shielding case. The water-proof
protective cover has a housing slot. The transparent cap is
mounted on the waterproof protective cover. A first part of the
printed circuit board is inserted into the housing slot. A sec-
ond part of the printed circuit is located within the metal
shielding case. The wireless communication unit is disposed
on the second part of the printed circuit board. The antenna
unit is disposed on the first part of the printed circuit board
and electrically connected with the wireless communication
unit.

Another aspect of the disclosure is to provide an electronic
system, which includes a metal shielding case, a mainboard,
an electronic circuit, an antenna module. The mainboard is
disposed within the metal shielding case. The electronic cir-
cuit is disposed on the mainboard. A part of the antenna
module being exposed outside the metal shielding case. The
antenna module includes a waterproof protective cover, a
transparent cap, a printed circuit board, a wireless communi-
cation unit and an antenna unit. The waterproof protective
cover is removably assembled on an opening of the metal
shielding case. The water-proof protective cover has a hous-
ing slot. The transparent cap is mounted on the waterproof
protective cover. A first part of the printed circuit board is
inserted into the housing slot. A second part of the printed
circuit is located within the metal shielding case. The wireless
communication unit is disposed on the second part of the
printed circuit board. The wireless communication unit is
electrically connected to the mainboard of the electronic sys-
tem. The antenna unit is disposed on the first part of the
printed circuit board and electrically connected with the wire-
less communication unit. The antenna unit is located outside
a shielding space formed by the metal shielding case.

It is to be understood that both the foregoing general
description and the following detailed description are by
examples, and are intended to provide further explanation of
the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure can be more fully understood by reading the
following detailed description of the embodiments, with ref-
erence to the accompanying drawings as follows:

FIG. 1 is a top view diagram illustrating an electronic
system 100 according to an embodiment of the disclosure;

FIG. 2 is a perspective view diagram illustrating the elec-
tronic system in FIG. 1 form a different visual angle;

FIG. 3 is a schematic diagram illustrating the antenna
module, the metal shielding case and the opening on the metal
shielding case;

FIG. 4 is an exploded view diagram illustrating the antenna
module according to an embodiment of the disclosure; and
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FIG. 5 is a schematic diagram illustrating the antenna
module in FIG. 4.

DESCRIPTION OF THE EMBODIMENTS

In the following description, several specific details are
presented to provide a thorough understanding of the embodi-
ments of the present disclosure. One skilled in the relevant art
will recognize, however, that the present disclosure can be
practiced without one or more of the specific details, or in
combination with or with other components, etc. In other
instances, well-known implementations or operations are not
shown or described in detail to avoid obscuring aspects of
various embodiments of the present disclosure.

Reference is made to FIG. 1, which is a top view diagram
illustrating an electronic system 100 according to an embodi-
ment of the disclosure. As shown in FIG. 1, the electronic
system 100 includes a metal shielding case 102 and an
antenna module 120. The metal shielding case 102 forms a
sealing space for accommodating some electronic compo-
nents (e.g., inverter circuits, capacitors, resistors, chips, or
other electronic components) of the electronic system 100.
The metal shielding case 102 is configured to be waterproof
and dustproof for protecting these internal components. For
example, the electronic system 100 can be a micro-inverter
system.

The antenna module 120 is installed on an opening (not
shown in FIG. 1) on the metal shielding case 102. As shown
in FIG. 1, a part of the antenna module 120 is exposed outside
the metal shielding case 102.

Reference is also made to FIG. 2 and FIG. 3. FIG. 2 is a
perspective view diagram illustrating the electronic system
100 in FIG. 1 form a different visual angle. FIG. 3 is a
schematic diagram illustrating the antenna module 120, the
metal shielding case 102 and the opening 103 on the metal
shielding case 102 in this embodiment.

As shown in FIG. 2, the electronic system 100 further
includes a mainboard 104 and some electronic components
(e.g., an inverter, a transformer, a capacitor, a reticular, etc)
for forming an electronic circuit 106. The electronic circuit
106 is disposed on the mainboard 104. The mainboard 104
and the electronic circuit 106 are covered by the metal shield-
ing case 102 and protected from water or dust. Therefore, the
electronic system 100 can be installed outdoors.

As shown in FIG. 3, there is an opening 103 formed on the
metal shielding case 102. The antenna module 120 is installed
on the opening 103, such that one part of the antenna module
120 extends inside the shielding case 102 and the other part of
the antenna module 120 is exposed outside the metal shield-
ing case 102.

Reference is also made to FIG. 4 and FIG. 5. FIG. 4 is an
exploded view diagram illustrating the antenna module 120
according to an embodiment of the disclosure. FIG. 5 is a
schematic diagram illustrating the antenna module 120 in
FIG. 4. As shown in FIG. 4 and FIG. 5, the antenna module
120 includes a waterproof protective cover 122, a transparent
cap 123, a printed circuit board 124, a wireless communica-
tion unit 125, an antenna unit 126 and a light-emitting unit
127. As shown in FIG. 3, FIG. 4 and FIG. 5, the waterproof
protective cover 122 is removably assembled on the opening
103 of the metal shielding case 102. In this embodiment, the
waterproof protective cover 122 has a whorl 122¢. By utiliz-
ing the whorl 122¢, the waterproof protective cover 122 can
be locked on the metal shielding case 102. However, the
disclosure is not limited to lock the waterproof protective
cover 122 onto the metal shielding case 102 with the whorl
122¢. In another embodiment, the waterproof protective
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cover 122 can be fixed onto the metal shielding case 102
through a limit portion, a fastening portion, a clamping por-
tion or any equivalent connection mean.

Furthermore, the antenna module 120 may include a seal-
ing ring 128. The sealing ring 128 is hold between the water-
proof protective cover 122 and the metal shielding case 102
when the waterproof protective cover 122 is assembled on the
opening 103 of the metal shielding case 102. To be specific,
when the waterproof protective cover 122 is assembled onto
the metal shielding case 102, the sealing ring 128 is utilized to
seal the gap between the waterproof protective cover 122 and
the metal shielding case 102 and ensure that no water or dust
may go through the opening 103 into the internal space of the
metal shielding case 102.

The water-proof protective cover 122 has a housing slot
122a and four sockets 1224 The transparent cap 123 is
mounted on the waterproof protective cover 122. In this case,
the transparent cap 123 includes a light-guiding cap and at
least one light-guiding plug (i.e., four light-guiding plugs
123a shown in FIG. 4). In this embodiment, the light-guiding
cap and the light-guiding plugs 1234 of the transparent cap
123 are formed in one piece and made of a light-guiding
material. These light-guiding plugs 123a are inserted into the
sockets 1224 of the waterproof protective cover 122. The
light-guiding plugs 123a are configured for holding the trans-
parent cap 123 and bypassing an indicative light generated by
the light-emitting unit 128.

A first part 124a of the printed circuit board 124 is inserted
into the housing slot 122a of the waterproof protective cover
122. The antenna unit 126 is disposed on the first part 124a of
the printed circuit board 124, such that the antenna unit 126
can be located outside the shielding space formed by the
metal shielding case 102. Therefore, the antenna unit 126 may
transmit/receive wireless communication signal without
being blocked by the metal shielding case 102.

On the other hand, a second part 1245 of the printed circuit
124 is located within the shielding space formed by the metal
shielding case 102. The wireless communication unit 125 is
disposed on the second part 1245 of the printed circuit board
124.

The wireless communication unit 125 is electrically con-
nected to the mainboard (and indirectly connected to the
electronic circuit 106 on the mainboard 104 shown in FIG. 2)
of the electronic system. The wireless communication unit
125 is configured to perform a communication (e.g., sending/
receiving/exchanging the controlling signals or information
on the electronic system) with other systems or devices (not
shown in figures) remotely through the antenna unit 126. The
antenna unit 126 electrically connected with the wireless
communication unit 125.

The light-emitting unit 127 is configured for generating the
indicative light representing a system condition (e.g., operat-
ing, suspended, error, etc) of the electronic system 100. For
example, the indicative light may turn green or red for repre-
senting different system conditions; or the indicative light
may be lighten still or blink for representing different system
conditions. The indicative light generated by the light-emit-
ting unit 127 may project through the transparent cap 123,
such that a system maintainer may monitor the system con-
dition easily by checking the indicative light. The light-emit-
ting unit 127 can be disposed near the transparent cap 123,
such that the indicative light may projects outside easily. In
the embodiment, the light-emitting unit 127 is disposed on the
first part 124a of the printed circuit board 124. However, the
disclosure is not limited thereto. In another embodiment, the
light-emitting unit can be disposed on another location on the
printed circuit board 124.
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Based on aforesaid embodiments, the disclosure provides
an antenna module and an electronic system, which include a
waterproof protective cover, which is removably assembled
on an opening of the metal shielding case of the electronic
system. An antenna unit can be disposed within a housing slot
of the waterproof protective cover located outside the metal
shielding case, such that signal strength of the antenna unit
may not be reduced by the metal shielding case. The water-
proof protective cover can be locked on the metal shielding
case to achieve the waterproof feature. In addition, the
antenna module includes a transparent cap mounted on the
waterproof protective cover, such that the indicative light may
go through the transparent cap without violating the water-
proof feature.

As is understood by a person skilled in the art, the forego-
ing embodiments of the present disclosure are illustrative of
the present disclosure rather than limiting of the present dis-
closure. It is intended to cover various modifications and
similar arrangements included within the spirit and scope of
the appended claims, the scope of which should be accorded
with the broadest interpretation so as to encompass all such
modifications and similar structures.

What is claimed is:

1. An antenna module, suitable for an electronic system,
the electronic system comprising a metal shielding case, the
antenna module comprising:

s a waterproof protective cover removably assembled on an
opening of the metal shielding case, the water-proof
protective cover having a housing slot;

a transparent cap mounted on the waterproof protective
cover;

a printed circuit board, a first part of the printed circuit
board being inserted into the housing slot, a second part
of the printed circuit being located within the metal
shielding case;

awireless communication unit disposed on the second part
of' the printed circuit board; and

an antenna unit disposed on the first part of the printed
circuit board and electrically connected with the wire-
less communication unit.

2. The antenna module as claimed in claim 1, further com-
prising a sealing ring, wherein the sealing ring is hold
between the waterproof protective cover and the metal shield-
ing case when the waterproof protective cover is assembled
on the opening of the metal shielding case.

3. The antenna module as claimed in claim 1, wherein the
antenna module further comprises a light-emitting unit con-
figured for generating an indicative light representing a sys-
tem condition of the electronic system, and the indicative
light is projected through the transparent cap.

4. The antenna module as claimed in claim 3, wherein the
light-emitting unit disposed on the first part of the printed
circuit board.
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5. The antenna module as claimed in claim 3, wherein the
transparent cap comprises a light-guiding cap and at least one
light-guiding plugs, and the light-guiding plugs is inserted
into the waterproof protective cover for holding the transpar-
ent cap and bypassing the indicative light.

6. The antenna module as claimed in claim 1, wherein the
wireless communication unit is electrically connected to a
mainboard of the electronic system.

7. An electronic system, comprising:

a metal shielding case;

a mainboard disposed within the metal shielding case;

an electronic circuit disposed on the mainboard;

an antenna module, a part of the antenna module being

exposed outside the metal shielding case, the antenna

module comprising:

a waterproof protective cover removably assembled on
an opening of the metal shielding case, the water-
proof protective cover having a housing slot;

a transparent cap mounted on the waterproof protective
cover;

a printed circuit board, a first part of the printed circuit
board being inserted into the housing slot, a second
part of the printed circuit being located within the
metal shielding case;

a wireless communication unit disposed on the second
part of the printed circuit board, the wireless commu-
nication unit being electrically connected to the main-
board of the electronic system; and

an antenna unit disposed on the first part of the printed
circuit board and electrically connected with the wire-
less communication unit, the antenna unit being
located outside a shielding space formed by the metal
shielding case.

8. The electronic system as claimed in claim 7, wherein the
antenna module further comprises a sealing ring, and the
sealing ring is hold between the waterproof protective cover
and the metal shielding case when the waterproof protective
cover is assembled on the opening of the metal shielding case.

9. The electronic system as claimed in claim 7, wherein the
antenna module further comprises a light-emitting unit dis-
posed on the first part of the printed circuit board.

10. The electronic system as claimed in claim 9, wherein
the light-emitting unit is configured for generating an indica-
tive light representing a system condition of the electronic
system, the indicative light is projected through the transpar-
ent cap.

11. The electronic system as claimed in claim 9, wherein
the transparent cap comprises a light-guiding portion, and the
light-guiding portion is inserted into the waterproof protec-
tive cover for holding the transparent cap and bypassing the
indicative light.

12. The electronic system as claimed in claim 9, wherein
the electronic system is installed outdoors.
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